Knowledge of mantle flow in convergent margins is crucial to unravelling both the contemporary geodynamics and the past evolution of subduction zones. By analysing shear-wave splitting in both teleseismic and local arrivals, we can determine the relative contribution from di↵erent parts of the subduction zone to the total observed SKS splitting, providing us with a depth constraint on anisotropy. We use this methodology to determine the location, orientation and strength of seismic anisotropy in the south-central Chile subduction zone. Data come from the TIPTEQ network, deployed on the forearc during [2004][2005]. We obtain 110 teleseismic SKS and 116 local good-quality shear-wave splitting measurements. SKS average delay times are 1.3 s and local S delay times are only 0.2 s. Weak shear-wave splitting from local phases is consistent with a shape preferred orientation (SPO) source in the upper crust. We infer that the bulk of shear-wave splitting is sourced either within or below the subducting Nazca slab. SKS splitting measurements exhibit an average north-easterly fast direction, with a strong degree of variation. Further investigation suggests a relationship between the measurement's fast direction and the incoming ray's back-azimuth. Finite-element geodynamic modelling is used to investigate the strain rate field and predicted LPO characteristics in the subduction zone.
Introduction
asthenospheric flow beneath the slab, due to slab-rollback induced barrier flow (Long and Silver, This method automatically calculates the source polarisation direction during the splitting cal-128 culation.
129
A measurement is defined as "good" if the splitting measurement analysis has a signal to 130 noise ratio, SNR 3 (Restivo and Hel↵rich, 1999), the particle motion becomes linearised and 131 minimisation of energy on the transverse component after correction. During the cluster analysis 132 stage, we look for a tight group of clusters to ensure that the measurement is not sensitive to 133 window length. Furthermore, for the SKS splitting, the source polarisation direction (SPOL) 134 should be approximately equal to the ray's theoretical back-azimuth (BAZ) due to the radial 
Teleseismic SKS splitting results

143
We obtain a total of 110 good quality SKS splitting measurements (Fig. 2a) . The average fast 144 direction is NE, although there is variability about this direction. This average fast direction does 145 not fall into the traditional trench-parallel or trench-perpendicular fast direction classification, 146 but rather trench-oblique. There is also clear intra-station variability in fast directions of up 147 to 30 . There appears to be no spatial trend in fast direction. Delay times are also variable, 148 ranging from 1.0 -1.9 s, with an average of 1.3 s. Measurements taken o↵shore, on Isla Mocha, 149 have the same fast direction trend, but have a smaller average delay time of 1.1 s; this is 0.2 s 150 less than the network's average. We find that there is no dependence of the splitting parameters 151 on the window length used for the splitting analysis (Fig. S3) .
152
We find a clear variation of fast direction with back-azimuth across the network (Fig. 2a) : the 153 two main back-azimuths, west and south, tend to correspond to ENE and NNE fast directions,
154
respectively. For the other back-azimuths, we also observe a correlation with fast direction. By stacking the measurements by back-azimuth (Restivo and Hel↵rich, 1999) , we obtain coherent 156 resultant stacks, so this apparent relationship is not simply an artefact of poorly defined con-with back-azimuth (Fig. S4) . Examples of good quality splitting measurements from each of the two main back-azimuths at station N410 are illustrated in Figs. S5, S6.
160
We use TauP Pierce (Crotwell et al., 1999) to calculate the raypaths for each SKS splitting 161 measurement by raytracing through the reference velocity model, AK135 (Kennett et al., 1995) 162 (Fig. 2b) . Most rays have sub-vertical incidence angles of ⇠ 15 in the sub-slab asthenosphere.
163
The two main back-azimuthal clusters have di↵erent raypaths at depth, but begin to converge 164 and sample the same material at about 250 km depth. 
Local S splitting results
166
Local splitting measurements were analysed on S-waves generated by earthquakes at 20 -167 95 km depth, with incidence angles within the shear-wave window. From 235 waveforms, we 168 obtain 116 good quality splitting measurements. Fast directions are variable; their mean fast 169 direction is close to ESE, trench-oblique (Fig. 3a) . Delay times are all less than 0.4 s with Source and station stacks were calculated using the algorithm of Restivo and Hel↵rich (1999) , 173 an adaptation of the method proposed by Wolfe and Silver (1998). Station stacking produces 174 the most coherent result: it gives consistent alignment of fast directions across the network and 175 results in the best constrained stack in t space. We also find that fast directions from our 176 station stacks may align with the orientation of mapped crustal faults (Fig. 3) . A number of 177 these stations are located close to the Lanalhue fault zone and some of its subsidiary splays. We 178 observe no relationship between the splitting parameters and either source polarisation direction 179 or the focal depth of the earthquakes.
180
We investigate the possibility of path-length dependent delay times; a relationship would 181 be expected if all the regions that the rays travel through had consistent fast directions. We 182 calculate the raypaths of good local shear-wave splitting measurements using the high resolution and delay time is observed (Fig. 3d) we aim to produce numerical geodynamic models of the south-central Chilean subduction zone.
201
In this region, the direction of subduction is almost perpendicular to the trench, so we can use and zero horizontal movement at the top of the overriding plate, which acts as a reference frame.
214
We calculate the velocity gradient tensor from the calculated velocity field and use it as input 
255
Our model also shows a 150 km thick layer of high strain rate in the sub-slab asthenosphere.
256
The LPO model predicts this region to be strongly anisotropic (7.7% S-wave anisotropy); this SynthSplit requires input parameters which describe the anisotropic characteristics of each layer, the elastic parameters, and the incoming ray's geometry. The method assumes single crystal anisotropic strength, but in the real Earth, anisotropy is much weaker than this; to account for this, we calculate a dilution factor using the following equation:
% Dilution = % Natural S-wave anisotropy % Single crystal anisotropy (1) our SKS raypaths in the sub-slab asthenosphere (Fig. 2b) . We find that the model reproduces 287 well the range of measured SKS delay times. geometry in this study (Fig. 2a) show that the mid-lower mantle crossed by SKS rays is unlikely crust, continental mantle, oceanic crust, oceanic lithospheric mantle and sub-slab asthenosphere.
346
To interpret our splitting results, we consider all parts of the subduction system, the potential 347 sources of anisotropy in each, and whether or not they have a strong signal in our splitting 348 measurements. consistent with a SPO source in crustal fault zones.
364
The forearc mantle wedge is likely to be subject to both viscous and thermal erosion by anisotropy can be 'frozen-in' to the continental mantle, recording past plate motions (e.g. Long mantle and delay time; furthermore, our SKS rays arriving east of 72.5 W sample continental mantle, but we observe no east-west change in splitting parameters. We therefore reject the thickness of our forward-modelled layer from our data on the forearc and the lack of observa-tional evidence for a back-azimuthal dependency in the back-arc region (MacDougall, personal of the layer does not change laterally. For a 150 km thick layer dipping at 30 , we calculate when measured on the forearc, where the slab is shallowest and no supra-slab asthenospheric 498 wedge is present.
499
We have provided evidence for a new mechanism to explain shear-wave splitting along the Figure 6: Forward modelling the fast polarisation direction dependence on back-azimuth. Black circles are observed fast polarisation directions from the teleseismic shear-wave splitting measurements. The orange squares represent the stacked splitting measurements for each main back-azimuth cluster. The coloured lines represent the forward modelled back-azimuth -fast direction relationship, for di↵erent a-axis dip angles, . The modelled fast polarisation directions were derived using an incidence angle of 15 and an a-axis azimuth of 067 , the absolute plate motion direction of the Nazca plate.
